
&e 

.._._ 

. c- - 

Fed NatianaaB A~~@!Ie!pator Lakmratcwy 
FERMILAB-Pub-78/90-EXP 
7550.351 

(Submitted to Phys. Rev. Lett. ) 

TWO-PARTICLE QUANTUM NUMBER CORRELATIONS 
IN 400 GeV/c PROTON-NUCLEUS COLLISIONS 

D. A. Finley, W. R. Ditzler, 0. E. Johnson, 
F. J. Lceffler, and E. Shibata 

Purdue University, West Lafayette, Indiana 47907 

and 

C. W. Akerlof, P. Alley, R. Fabrizio, 
D. Koltick, D. I. Meyer, and R. Thun 

University.of Michigan, Ann Arbor, Michigan 48109 

D. Bintinger, R. L. Loveless, R. A. Lundy. 
K. C. Stanfield, and D. D. Yovanovitch 

Fermi National Accelerator Laboratory, Batavia, Illinois 605iO 

November 1978 

3 0pwat.d by Unlv~rrltler Research Assoclatlon Inc. under contract with the United States Department of Energy 



RIO-PARTICLE QUANTUM NUMBER CORRELATIONS IN 

400 GeV/c PROTON-NUCLEUS COLLISIONS 

D. A. Finleya, W. R. Ditzlerb! 0. E:Johnson 
F. J. Loeffler, E. Shlbata 

Purdue University 
west Lafayette, Indiana 47907 

c. w. Akerlof, P. Alley=, R. Fabrizio 
0. Kc&tick, D. I. Meyer, R. Thun 

University of Michigan 
Ann Arbor, Michigan 48109 

D. Bintinger, R. L. Loveless, R. A. Lundy 
X. C. Stanfield, D. D. Yovanovitch. 

Fermi National Accelerator Laboratory 
Batavia, Illinois 60510 

ABSTRACT 

We have measured two-particle quantum number 

correlations in 400 GeV/c proton-nucleus collisions. 

A double-arm spectrometer was used to detect two 

charged particles produced near ym = -0.4 in the 

proton-nucleon center-of-mass system. In proton- 

beryllium collisions we observe positive pE and X+X- 

correlations which are independent of the transverse 

momenta of the particles over !he range 11 pl ( 1.8 

Gev/c . These correlations are weaker in prOton- 

lead interactions. ‘ 
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The nature of hadronic particle production at high energies 

has been studied extensively through measurements of inclusive 

single particle yields and multiparticle correlation strengths. 

Measurements at large transverse momenta (pL >> 300 HeV/c) have 

been of particular interest inregard to testing ideas of consti- 

tuent scattering'. The measurements reported here focus on an 

area which has not been explored previously in great detail, 

namely the dependence of two-particle correlations on the quantum 

numbers of the detected particles. These particles were detected 

with moderately high transverse momenta, 1.0 2 pL 2 1.8 GeV/c, 

a range for which the notion of hadron constituents might already 

be applicable. 

The experiment was performed at the Fermi pational Acceler- 

ator Laboratory and used a double-arm Spectrometer to detect and 

identify two charged particles produced in 400 GeV/c proton-nucleus 

collisions. Components of the'apparatus and other results have 

been described elsewhere'. Briefly, the spectrometer was triggered 

by a coincidence of two charged particles which were produced 

near rapidity -0.4 in the proton-nucleon center-of-mass system, 

with transverse momenta p L~ 1 GeV/c, and with azimuthal separa- 

tion near 180°. The target used for the data reported in this 

letter consisted of thin, spatially-separated segments of 

beryllium and lead. 

Each arm of the spectrometer was equipped with three threshold, 

gas-filled Cerenkov counters (Cl, C2, and C3) which provided 
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charged hadron (p, i;, Kf,n*) identification. The radiating 

media in the counters were nitrogen at 1 atm. for Cl, propane 

at 2.16 atm. for C2, and carbon dioxide at 1.57 atm. for C3. 

Pion threshold momenta in the counters were determined from 

reconstructed particle momentum'spectra to be 5.80. 2.01, and 

3.68 GeV,'c for Cl, C2, and C3 respectively. The measured effi- 

ciencies of the counters were typically greater than 99%. com- 

plete separation of p, K, and n was possible over a transverse 

momentum range 1 2 pL ( 1.8 GeV/c. 

The data were corrected for meson decay end misidentifica- 

tion of particle type due to Cerenkov inefficiencies and spurious 

signals. The kaon decay correction varied from 12 to 25% 

depending on momentum whereas the pion decay correction was only 

0.9 to 2.8%. The correction for counter inefficiencies was 

small: in the worst case, less than 2.5% of pions were misidenti- 

fied as k~aons in the raw date. Spurious Cerenkov signals from 

the traversal of the counters by other particles (including elec- 

tromagnetic shower fragments) presented a more serious identifi- 

cation problem'. About 30% of kaons and protons gave logically 

invalid Cerenkov responses because of such additional particles. 

Events with invalid responses were rejected and their loss was 

properly taken into account in the calculation of correlation 

strengths. we stress that particles which gave valid responses 

were identified correctly with a high degree of confidence. OUI? 

systematic error in the correlation strengths was estimated from 
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a separate set of data in which events from a pure beryllium 

target were observed.with a rearranged experimental apparatus.' 

A comphrison of the correlation strengths observed in Be frorc the 

two sets of data indicates that systematic errors were equal to 

or smaller'than the statistical errors. 

It is convenient to study the quantum number correlations 

independently of the kinematic correlations by confining the 

investigation of the quantum number correlations to the two-par- 

ticle inclusive measurements.' For these purposes we designate 

one of the arms of the apparatus as the trigger side and the other 

arm as the opposite side. Both the trigger-side and opposite-side 

particles are constrained to have 1 2 pI 2 1.8 GeV/c. The hadrons 

in the opposite arm are separated by electric charge and denoted 

by h+ and h-. We then calculate p, X+, and ?+ fractions opposite 

a particular hadron t in the trigger arm, and denote these frac- 

tions by (p/h+jt, (K+/h+)t, and (n*/h+)t. Similarly, the negative 

particle fractions are denoted by (F/h-it, (K-/h-)t, and (n-/h-It. 

The strength of the quantum number correlation between an opposite- 

side particle and each trigger-side particle is defined as the 

ratio of the fraction opposite a particular trigger hadron t to 

the fraction averaged over all trigger hadrons h. For example, 

the @ correlation is given es (p/h+jF//p/h+jh. 
. 

The dependence of the opposite-side particle fractions on the , 

identity of the trigger particle is shohn in Fig. 1 for p-Be and 

p-Pb collisions. For p-Be collisions the values of the opposite- 

side particle fractipns show a strong dependence on the identity 

of the trigger-side particle. The proton fraction opposite F is 
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enhanced by a factor of 1.92 t 0.09 compared to the proton frac- 

tion opposite all trigger hadrons. A similar enhancement by a 

factor of 1.41 ? 0.07 is observed for K+ opposite K-, compared to 

It+ opposite all trigger hadronS.. The n+ fractions exhibit deplc- 

tions opposite p and K- which are a reflection Of the Strong PF 

and 1(+X- correlations, since the three fractions (P/h+jt, (Kt/h+lt 

and (n+/h+jt must add up to unity for each ~trigger hadron t. 

The pi; and K+K- correlations observed in the De data are 

significantly smaller in the Pb data as demonstrated in Table I. 

In the Pb data, the pE enhancement is only 1.26 f 0.09, and the 

K+K- enhancement is only 1.10 2 0.07. 

We have also investigated the pL dependence of the quantum 

number correlations observed in the Be data. Xe divide the data 

sample into several ranges according to the Sum p, = lp,l + IPL21, 

and difference pd = IIPLII - l,lI* of the magnitudes of the 

transverse momenta of each particle. (For the geometry of our 

apparatus, p S is approximatel,y equal to the effective rass of the 

pair, and pd is approximately equal to the total pL of the pair.) 

For particle a (= p, I(+, nt) we calculate the ratio of the particle 

fractions (a/h+)z/((a/h+)h at each bin. We observe no statistically 

significant dependence of the ratio with Pd, and hence we integrate 

over pa and show the ratio as a function of p, in Fig;-2. We find 

no evidence for a pL dependence of the correlations es we vary the 

pL of each particle over the range 1 < pL ( 1.8 GeV/c.' 

In~summary, we observe proton-antiproton and K+K- correlations 

for hadron pairs produced in 400 GeV/c p-Be collisions near ya 
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= -0.4 with A0 z 180° and 1 2 pI: 1.8 GeV/c. In this kinematic 

region, these correlations are significantly smaller for produc- 

tion in large nuclei such as lead.' We'also observe that these 

correlations have no strong dependence on the transverse mcmenta 

of the particles. These data should provide a fairly strict test 

of models which address particle pro$uction in the moderately highs 

pI range covered by this experiment. 

k'e acknowledge the support provided to us by the Fermi 
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"Our kinematic correlation results are reported in "Nucleon-Number 

Dependence of Inclusive Dihedron Production in Proton-Nucleus 

Collisions at 400 GeV/c', D. A. Finley et al., submitted to Phys. 

Rev. L&t. 

‘Other experiments have investigated quantum number correlations 

in kinematic regions which are different from ours. M. G. Albrow. 

et al., Phys. Lett. 655, 295 (19761, observe correlations in p-p - 

interactions at &?= 53 GeV which are in quantitative agreement 

with our p-Be results, even t\ouqh their experiment covers an 

angular region that is very different from ours yet is in a 

similar effective mass region. The Stony Fwook-Columbia-Fermilab 

collaboration [see R. J. Fisk et al., Phys. Rev. Lett, E, 984 

(1978), and R. J. Fisk, Ph.D. Thesis, State University of Nev York 

at Stony Drook, 1978 (unpublished)] have reported on correlations 

in 400 GeV/c p-Be collisions at a slightly different anqular region 

but larger effective mass region than ours. 

'The observation that heavier nuclei reduce quantum number correla- 

tions as well as kinematic correlations (see D. A. Finley et al., 

Ref. 2) is consistent with an inelastic multiple scattering 

process. 
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TABLE I. Comparison of ratios of particle fractions for 

particle-antiparticle pairs in p-Be and p-Pb inter- 

actions. These ratios would be unity if there were 

no quantum number correlation in the production of 

particle-antiparticie pairs. The error bars are 

statistical only. 

Raiio De Pb 

-~~ 
(p/h+)i; / (P/h+)h 1.92 + 0.09 1.26 L 0.09 

(X+/h+),- / (K+/h+Ih 1.41 + 0.07 1.10 + 0.07 

(.+/h+) ,,- / W+/h+) h 1.04 + 0.01 1.03 + 0.01 
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Fig. 1. Dependence of the opposite-side particle fractions qn 

the trigger particle species for p-Be and p-Pb inter- 

actions. Part (a) shows the pos'itive particle fractions 

and (b) shows the negative particle fractions. All 

particles are restricted to the range 12 pL 2 1.8 GeV/c. 

The dashed line indicates the opposite-side fraction 

for each case averaged over ill trigger hadrons. The 

error bars are shown only when they are larger than the 

points, and are statistical only. 
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?ig. 2. p,-dependence of particle-antiparticle quantum number 

correlations in p-Be collisions. p, is the sum of the 

magnrtudes of the transverse momenta of the two 

particles; the data have been integrated over pd = 

I IP,,I - IP,,l *I. The error bars are shown only when 

they are larger than the points, and are statistical only. 


